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(54) Switching mechanism and disk array apparatus having the switching mechanism 



(57) The present invention enables to obtain a data 
transfer at a high rate, at a reasonable cost, and with a 
high reliability. 

The disk array system according to the present 
invention includes: a plurality of arrayed disk appara- 
tuses 8a to 8f for writing/reading a data; a plurality of 
array controllers 2a, 2b for controlling writing/reading a 
data to/from the disk apparatuses 8a to 8f according to 
an instruction from a host computer; and a switching 
mechanism 1 connected to each of the disk appara- 
tuses 8a to 8f, for establishing an exclusive connection 



between the array controllers 2a, 2b and the disk appa- 
ratuses 8a to 8f. When one of the array controller 2a, 2b 
has acquired from the other array controllers 2a, 2b a 
control authority over all or one of the disk apparatuses 
8a to 8f according to an instruction from a host compu- 
ter, the array controller having the control authority con- 
trols the switching mechanism 1 to establish a 
connection between the array controller and the disk 
apparatuses. Means for this connection is also provided 
in the system. 
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Description 

[0001] The present invention relates to a disk array 
apparatus and in particular, to a disk array apparatus 
including a disk apparatus of specification allowing only 5 
a single initiator. The present invention also relates to a 
switch circuit for selectively connecting such a disk 
apparatus to a disk controller. 
[0002] Conventionally, a disk array system using a plu- 
rality of magnetic disks has been used so as to increase 
the data transfer speed and to enable to restore a data 
even if a trouble has occurred. In a conventional disk 
array apparatus, the interface of the magnetic disk 
apparatuses is usually of SCSI specification. In a mag- 
netic disk apparatus of SCSI specification can recog- 
nize a plurality of initiators through the arbitration 
function. Accordingly, in order to assure a reliability of 
the entire disk array apparatus, a plurality of array con- 
trollers are connected. In this case, each of the mag- 
netic disk apparatuses can recognize the respective 
array controllers. 

[0003] However, in case of the SCSI specification, the 
apparatus itself has various functions and the magnetic 
disk apparatus becomes complicated, which in turn 
makes the entire disk array system complicated. Fur- 
thermore, a magnetic disk of SCSI specification can 
recognize a plurality of initiators. This requires a selec- 
tion processing between the initiator and a target. This 
selection processing lowers the bus efficiency and the 
entire data transfer speed. 

[0004] Moreover, the SCSI specification is based on a 
general-purpose design concept and the apparatus 
itself has various functions, resulting in a high price. 
Furthermore, as shown in Fig. 10, if a data transfer is 
increased by independent bus control without sharing a 
bus, SCSI controllers 55a to 55j for the magnetic disk 
apparatuses should be mounted on a control package 
50a and 50b. This also results in increasing the cost of 
entire disk array apparatus. 

[0005] On the other hand, in case of a magnetic disk 
apparatus of the ATA specification in which the mag- 
netic disk apparatus itself is not expensive, the mag- 
netic disk apparatus itself allows only a single initiator 
and it is impossible to use a plurality of array controllers 
as the initiator. Accordingly, it is impossible to assure a 
sufficient reliability of the disk array apparatus as a 
whole. 

[0006] It is therefore an object of the present invention 
to provide a disk array apparatus enabling a high data 
transfer rate at a reasonable cost with a high reliability 
as well as a switch circuit used for the disk array appa- 
ratus. 

[0007] The present invention provides a disk array 
apparatus that can enhance the aforementioned relia- 
bility even if a disk apparatus allows only a single initia- 
tor, and a switch circuit used for the disk array 
apparatus. * 

[0008] The switching mechanism according to the 



present invention comprises: a plurality of array control- 
ler connectors connected to a first signal line for a data 
transfer to/from a plurality of array controllers; a plurality 
of disk apparatus connectors connected to a second 
signal line for a data transfer to/from a disk apparatus in 
which writing/reading of the data is controlled by the 
array controllers; and a plurality of connection lines for 
connections between the plurality of array controller 
connectors and the disk apparatus connectors; a plural- 
ity of switch circuits provided on the connection lines for 
one-to-one connection between the plurality of array 
controller connectors and the disk apparatus connec- 
tors. 

[0009] The switching apparatus further comprises an 
array controller switching circuit provided in the switch 
circuits and upon reception a path switching signal from 
the array controllers, establishing a connection between 
an array controller corresponding to the path switching 
signal and the disk apparatus connectors. 
[0010] It is preferable that each of the plurality of 
switch circuits be connected independently from one 
another to the disk apparatuses. 
[0011] The switching mechanism may further com- 
prise a control line connector for connecting a control 
line for transmitting the path switching signal, to the 
switch circuits. 

[001 2] The switch circuits may provide a first operation 
state for connecting a first one of the array controllers to 
the disk apparatuses and a second operation state for 
connecting a second one of the array controllers to the 
disk apparatuses. 

[001 3] The switch circuits may provide a first operation 
state for connecting a first one of the array controllers to 
the disk apparatuses, a second operation state for con- 
necting a second one of the array controllers to the disk 
apparatuses, and a third operation state for not connect- 
ing any one of the first and second array controllers to 
the disk apparatuses. 

[0014] The disk array apparatus according to the 
present invention comprises: a plurality of switching 
mechanisms as has been described above, each hav- 
ing an array controller connector; a plurality of disk 
apparatuses which are connected to the switch mecha- 
nisms on one-to-one principle; and a plurality of array 
controllers connected to the array controller connectors 
and in response to an instruction from a host computer, 
writing or reading a data to/from the disk apparatuses. 
[0015] The array controller which has acquired the 
control authority outputs the path switching signal to 
each of the plurality of switching mechanisms. 
[0016] According to another aspect of the invention, 
the array controller which has acquired the control 
authority outputs signals identical to the path switching 
signal at once to the plurality of switching mechanisms. 

Rg. 1 is a block diagram showing a configuration of 
a disk array apparatus according to an embodiment 
of the present invention. 
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Fig. 2 shows a detailed configuration of a switch cir- 
cuit used in the disk array apparatus, Fig. 1 . Fig. 2A 
shows the switch circuit in a first operation state, 
Fig. 2B shows the switch circuit in a second opera- 
tion state, and fig. 2C shows the switch circuit in a 5 
third operation state. 

Fig. 3 is a block diagram showing the switching 
mechanism of Fig. 1 when integrated into a simpli- 
fied configuration. 

Fig. 4 is a block diagram showing a disk array appa- 10 
ratus using a single switch circuit. 
Fig. 5 is a block diagram showing a detailed config- 
uration of the array controller of Fig. 1. 
Fig. 6 is a block diagram showing a configuration of 
each controller realized by the CPU of Fig. 5. 15 
Fig. 7 is a flowchart showing a control example by 
the configuration of Fig. 1 and Fig. 5. 
Fig. 8 is a block diagram showing a configuration of 
a computer system using a single host computer. 
Fig. 9 is a block diagram showing a configuration of 20 
a computer system using a plurality of host comput- 
ers. 

Fig. 10 is a block diagram showing a configuration 
of a conventional disk array system. 

25 

[0017] Description will now be directed to embodi- 
ments of the present invention with reference to the 
attached drawings. 

[0018] Fig. 1 is a block diagrams showing a configura- 
tion of the disk array system according to the present 30 
invention. As shown in Fig. 1, the disk array system 
includes: a plurality of array controllers 2a, 2b for con- 
trolling a data writing/reading to/from a disk apparatus 
according to an instruction from a host computer; a plu- 
rality of disk apparatuses 8a to 8f for writing/reading a 35 
data according to control from the array controllers 2a, 
2b; and a switching mechanism connected to each of 
the plurality of disk apparatuses 8a to 8f for exclusively 
switching between the disk apparatuses and the plural- 
ity of array controllers 2a, 2b. 40 
[0019] When one of the array controllers 2a and 2b 
has obtained from the other array controller 2a or 2b a 
control authority of all or one of the disk apparatuses 8a 
to 8f according to an instruction from the host computer 
which includes OS, driversoft and applicationsoft, the 45 
array controller which has obtained the control authority 
controls a switching mechanism 1 corresponding to the 
disk apparatus so as to connect the array controller to 
the disk apparatus. Each of the array controllers 2a and 
2b has means for performing the aforementioned. so 
[0020] That is, an array controller which has acquired 
the disk apparatus control authority controls the switch- 
ing mechanism 1 to connect the array controller to the 
disk apparatus. Accordingly, even when a disk appara- 
tus has an interface that cannot recognize a plurality of ss 
initiators, it is possible to install a plurality of array con- 
trollers. Consequently, for example, even when consti- 
tuting a disk array using magnetic disk apparatuses of 



ATA specification which cannot recognize a plurality of 
initiators, it is possible to employ a plurality of array con- 
trollers depending on the purpose. Thus, the present 
embodiment can be applied to a plurality of disk appara- 
tuses 8, for example, of the ATA specification allowing 
only one initiator. 

[0021] Moreover, as shown in Fig. 1, the switching 
mechanism includes switch devices 4a to 4f, each con- 
nected to the corresponding disk apparatuses. Each of 
the switch devices 4a to 4f has at least three connec- 
tors. That is, each of the switch devices 4a to 4f has: an 
array control connector 5a to 5f, 6a to 6f connected to 
first signal lines 30a, 30b for data transmission/recep- 
tion to/from the array controllers 2a, 2b; and a corre- 
sponding disk apparatus connectors 7a to 7f for 
connection to a second signal line for data transmis- 
sion/reception to/from the disk apparatuses 8a to 8f. 
[0022] Referring to Fig. 2, the switch device 4a has 
connection lines 34, 35, 37 and a switch 1 1 . The con- 
nection lines 34, 35, 37 serve for connection to the array 
controller connectors 2a, 2b and to the disk apparatus 
connector 5a, 6a with overlap. The switch 1 1 serves for 
one-to-one connection without overlap between the plu- 
rality of array controller connectors 2a, 2b provided on 
the connection lines 34, 35, 37 and the disk apparatus 
connector 7a. When the switch 11 receives a path 
switching signal from the array controller, the switch 1 1 
connects the array controller connector 5a to the disk 
apparatus connector 7a (array controller switch means 
11a). This switch 11, according to the path switching 
signal, forcibly switches between the array controller 
connectors 5a and 6a to be connected to the disk appa- 
ratus connector 7a. Accordingly, from the viewpoint of 
the disk apparatus 8a, it looks like that a data transfer is 
performed with a single initiator. 
[0023] Moreover, in the example of Fig. 2, the switch 
device 4a has a control line connector 9a for connection 
to a control line 31 for transmitting the path switching 
signal. Accordingly, the path switching signal supplied 
by the array controllers 2a, 2b is supplied to the switch 
1 1 via the control line 36 connected the control line 31 
and the control line connector 9a. Furthermore, this 
path switching signal may also be supplied to the switch 
1 1 via a normal data bus 30a. 30b. 
[0024] The switch state may be in connection to one 
of the array controllers 2a and 2b or in not connection to 
either of them. That is, the switch may be in a first oper- 
ation state (Fig. 2A) for connecting the array controller 
2a to the disk apparatus 8a or in a second operation 
state (Fig. 2B) for connecting the array controller 2b to 
the disk apparatus 8a. Moreover, according to another 
embodiment, the switch 1 1 may have a third operation 
state for connecting none of the array controllers 2a and 
2b to the disk apparatus 8a. If one of the array control- 
lers is connected to the disk apparatus even when a 
path switching signal for this third operation state is sup- 
plied, it is decided that the switch 1 1 is abnormal. 
[0025] The path switching signal may be any signal 
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that can be used for controlling the switching mecha- 
nism 1. For example, suppose the path switching signal 
is a signal for generating a pulse for each switching from 
one operation state to another. Moreover, as shown in 
Fig. 1, when two array controllers are used and there 
are two switching destinations with two operation states, 
it is possible to output high and low signals depending 
on the switching destination. In this case, switching 
mechanism 1 serves as a selector for exclusively sup- 
plying a signal from one of the array controllers accord- 
ing to the high or low path switching signal. 
Furthermore, it is possible to utilize a command for 
establishing a connection between the array controller 2 
and the disk apparatus 8 without using a particular con- 
trol line. That is, the array controller which has acquired 
the disk apparatus control authority by occupying the 
bus issues a command to the disk apparatus. This com- 
mand can be used as a path switching signal for control- 
ling the switch circuit. 

[0026] The switching mechanism 1 can have various 
configurations according to the configurations of the 
path switching signal. Fig. 2 shows a functional exam- 
ple, which can actually be realized by a logical circuit. 
That is, it is possible to use a switching IC and a relay 
circuit for switching to a destination corresponding to a 
pulse input. 

[0027] Referring to again Fig. 1, each of the switch 
devices 4a to 4f is connected to a disk apparatus inde- 
pendently from one another. Accordingly, in the exam- 
ple of Fig. 1 , if the switch device 4a has failed, only the 
switch device 4a need to be replaced. 
[0028] Referring to Fig. 3, a single switch circuit 4 is 
used as the switching mechanism 1. When such a 
switch circuit is used, it is possible to reduce the space 
required for installing the switch circuit as well as to 
reduce the production cost of the switch circuit. 
[0029] Referring to Fig. 4, the switch circuit 4 is further 
simplified. In this example, when connecting disk appa- 
ratuses as a daisy chain, it is sufficient to provide one 
switching mechanism 1 . In this example of Fig. 4, when 
one of the array controllers has failed, control can be 
passed to the other array controller, enabling to improve 
reliability of the disk array system. 
[0030] In the examples of Fig. 1 and Fig. 3, it is possi- 
ble to select to the array controller 2a or 2b for each of 
the discs. Accordingly, the path switching signal from 
the array controller is supplied separately to each of the 
switch circuits. In this case, a data transfer currently per- 
formed to a disk apparatus 8 is interrupted if the other 
array controller 2 outputs a path switching signal to the 
switch circuit. To cope with this, in the examples of Fig. 
1 and Fig. 3, assignment of the control authority of the 
disk apparatus 8 between the array controllers is per- 
formed through a communication line 33. The array con- 
troller 2 which has acquired the disk control authority of 
a disk apparatus outputs a path switching signal to a 
switch circuit corresponding to the disk apparatus. 
When the switch circuit control is performed after the 



assignment of the control authority, it is possible to pre- 
vent a danger of erroneous switching of a switch circuit 
as well as enable to easily switch between the switch 
circuits. 

5 [0031 ] Fig. 1 shows an example of the control line 31 
connected to each of the switch devices involved in the 
switching mechanism 1. In Fig. 3, the control line 31 is 
omitted. Moreover, if there is no simultaneous access by 
the two array controllers to different disk apparatuses 8, 

10 the array controllers 2 may output an identical path 
switching signal to the plurality of switch devices at 
once. In this case, the control line 31 may be only one 
as shown in Fig. 3. 

[0032] Referring to Fig. 5, the array controller 2a 
is includes: a CPU 10 for executing a program; a cache 
memory 14 for temporarily storing a data transferred 
between the array controller and the disk apparatus; 
and a cache controller 12 for controlling the cache 
memory 14. Moreover, as shown in Fig. 10, the array 
20 controller may be a control package for performing a 
multiplication of specific data. 
[0033] Furthermore, the array controller 2a is con- 
nected to the CPU 1 0 and includes a ROM 16 for storing 
a program and a data, and a RAM 18 serving as a work 
25 area for execution of the program of the CPU 10. The 
cache memory 14 may be an area allocated as a part of 
the RAM area. 

[0034] Referring to Fig. 6, the CPU 10 has functions 
as an ATA interface controller 20, a switch circuit con- 

30 troller 22, a transfer controller 24, and a trouble decision 
controller 26. In this example, the ROM 16 contains fol- 
lowing programs stored in advance: a program for con- 
trolling a disk apparatus according to the ATA interface; 
a program for producing a path switching signal to the 

35 switch circuit; a program for performing assignment of 
the control authority for data transfer and an actual data 
transfer; and a program for deciding whether a disk 
apparatus and a switch circuit have an error. 
[0035] By providing the ATA interface controller 20 and 

40 the switch circuit controller 22, it is possible to control a 
disk apparatus of ATA interface even when accessed 
through an interface of the SCSI specification from a 
host computer of the array controller 2. Accordingly, 
without modifying the configuration of the host computer 

45 side, it is possible to apply the disk apparatus according 
to the present embodiment which is cheap in cost. 
Moreover, the ATA interface controller 20 and the switch 
circuit controller 22 may be not a CPU executing a pro- 
gram but a logical circuit. The same applies to the other 

so controllers. 

[0036] Refening to Fig. 1 again, the plurality of array 
controllers have the communication line 33 for connec- 
tion between the array controllers. The array controllers 
have means for performing a disk control authority 

55 acquisition processing using the communication line. 
This control authority acquisition processing is per- 
formed by the CPU 10 shown in Fig. 5. 
[0037] Referring to Fig. 7, the array controller operates 
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as follows. Upon reception of an access instruction from 
a host computer, the array controller uses the communi- 
cation line 3 to communicate with the other array con- 
troller so as to acquire a control authority of a physical 
disk apparatus (such as a hard disk drive) to be 
accessed (step S1). K the other array controller already 
has the control authority (YES in step S2), the array 
controller communicates again with the other controller 
about the control authority for the same instruction or 
can perform another instruction, changing the instruc- 
tion order. 

[0038] On the other hand, if the other array controller 
has no control authority (NO in step S2), a path switch- 
ing signal is supplied to a switch circuit 4 corresponding 
to the physical disk apparatus (step S3). After waiting 
for the switching delay, a command of the ATA specifica- 
tion is issued to the disk apparatus (step S4). If the disk 
apparatus 8 has made a response to this command 
(step S5), a data transfer is performed (step S7). If no 
response is obtained from the disk apparatus 8, retry is 
repeated a plurality of times or for a predetermined 
period of time, and it is checked whether the retry has 
failed (step S6). 

[0039] Unless the retry has failed, the command is 
again issued. On the other hand, if no response is 
obtained for the retry, the switch circuit terminates the 
processing, deciding that the disk apparatus has an 
error. 

[0040] Fig. 8 shows a computer system having the 
aforementioned switching mechanism. The computer 
system includes: a host computer 3, a plurality of array 
controllers 2 for controlling a data writing/reading 
to/from disk apparatuses 8 according to an instruction 
from the host computer 3; a plurality of disk apparatuses 
8 for a data writing/reading according to control from the 
array controllers; a switching mechanism 1 connected 
to each of the plurality of disk apparatuses 8 and serves 
to exclusively switch the plurality of anay controllers to 
the disk apparatuses. 

[0041] Referring to Fig. 8, one host computer is con- 
nected to two array controllers. When controlling the 
disk array system (disk sub system) using this one host 
computer, the host computer has two host bus adapters 
(such as SCSI boards), which are connected to the 
respective array controllers 2. In this case, even if an 
error occurs in one of the host bus adapters, the other 
host bus adapter can control the disk sub system. Alter- 
natively, it is possible to use a single host bus adapter 
for a daisy chain connection of the plurality of array con- 
trollers 2. 

[0042] In such a computer system, when an array con- 
troller has failed, a processing is performed as follows 
for example. If an error has occurred in one 2a of the 
plurality of array controllers 2, the host computer passes 
control to the other array controller 2b. Furthermore, 
when control is passed to the array controller 2b. the 
array controller 2b acquires a control authority of the 
plurality of disk apparatuses and controls the switching 



mechanism to connect the array controller 2b to the plu- 
rality of disk apparatuses. Accordingly, even when using 
a disk apparatus that can recognize only one initiator, it 
is possible to provide a plurality of array controllers 
5 thereby to improve the reliability of the entire computer 
system. 

[0043] In a computer system constituting a disk array, 
various counter measures are taken so as to increase 
the reliability according to a purpose of the user. For 

10 example, Fig. 9 shows a computer system having two 
host computers, one of which is set as a wait system. 
Even if an error has occurred in the host computer, con- 
trol is immediately switched to the wait system, so that a 
data already accumulated can be utilized. In this case, if 

is each of the array controllers 2 is connected to the corre- 
sponding host computer, the array controller 2 should 
be switched. Accordingly, when switching is performed 
by communication between the array controllers 2 or by 
communication between the host computers, a path 

20 switching signal is transmitted to the switching mecha- 
nism 1 . 

[0044] As has been described above, in the present 
embodiment, it is possible to use a magnetic disk appa- 
ratus of ATA specification which is cheap in cost, thus 

25 enabling to reduce the cost of the disk array apparatus 
itself. Furthermore, the cost can also be reduced 
because there is no need of providing an expensive 
SCSI controller on the control package. Moreover, 
because the switching mechanism is used, it is possible 

30 to use a plurality of array controllers for improving the 
reliability as a disk array apparatus even when utilizing 
a magnetic disk apparatus of ATA specification. 
[0045] The present invention has the aforementioned 
configuration and functions as has been described 

35 above. When a path switching signal is received by a 
switch circuit, one of the array controller connectors is 
connected to the disk apparatus connector. Accordingly, 
even if the disk apparatus has a specification for recog- 
nizing only one initiator (array controller) such as an ATA 

40 disk, it is possible to use a plurality of array controllers 
which are switched from one to another. This enables to 
realize a disk array using comparatively cheap disk 
apparatuses with a plurality array controllers, enabling 
to improve the reliability. Furthermore, the switch circuit 

45 switches connection lines, so that an array controller is 
directly connected to a disk apparatus during a data 
transfer. This enables to perform a data transfer at a 
high speed. Moreover, the switch circuit switches con- 
nections between disk apparatuses according to a path 

so switching signal supplied from an array controller. 
Accordingly, when a SCSI command from a host com- 
puter is received by the array controller, the command 
can be modified, for example, into an ATA command 
and a path switching signal thereby to control the disk 

55 apparatus and the switching mechanism. Thus, it is pos- 
sible to provide a switching mechanism and a disk array 
system capable of utilizing host computer resources for 
SCSI conventionally used widely as well as using a plu- 
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ralrty of array controllers thereby to improve the reliabil- 
ity. 

[0046] The invention may be embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristic thereof. The present embodiments are s 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indi- 
cated by the appended claims rather than by the forego- 
ing description and all changes which come within the 
meaning and range of equivalency of the claims are 10 
therefore intended to be embraced therein. 
[0047] The entire disclosure of Japanese Patent Appli- 
cation No. 10-047384 (Filed on February 27 th , 1998) 
including specification, claims, drawings and summary 
are incorporated herein by reference in its entirety. is 

Claims 

1 . A switching mechanism for switching between disk 
apparatuses in a disk array system, said mecha- 20 
nism comprising: 

a plurality of array controller connectors con- 
nected to a first signal line for a data transfer 
to/from a plurality of array controllers; 25 
a plurality of disk apparatus connectors con- 
nected to a second signal line for a data trans- 
fer to/from a disk apparatus in which 
writing/reading of said data is controlled by said 
array controllers; 30 
a plurality of connection lines for connections 
between said plurality of array controller con- 
nectors and said disk apparatus connectors; 
a plurality of switch circuits provided on said 
connection lines for one-to-one connection 35 
between said plurality of array controller con- 
nectors and said disk apparatus connectors; 
and 

an array controller switching circuit provided in 
said switch circuits and upon reception a path 40 
switching signal from said array controllers, 
establishing a connection between an array 
controller corresponding to said path switching 
signal and said disk apparatus connectors. 

45 

2. A switching mechanism as claimed in Claim 1, 
wherein each of said plurality of switch circuits is 
connected independently from one another to said 
disk apparatuses. 

50 

3. A switching mechanism as claimed in Claim 1 or 2, 
said mechanism further comprising a control line 
connector for connecting a control line for transmit- 
ting said path switching signal, to said switch cir- 
cuits. 55 

4. A switching mechanism as claimed in claim 1 , 2, or 
3, wherein said switch circuits may provide a first 



operation state for connecting a first one of said 
array controllers to said disk apparatuses and a 
second operation state for connecting a second 
one of said array controllers to said disk appara- 
tuses. 

5. A switching mechanism as claimed in claim 1,2,3, 
or 4, wherein said switch circuits may provide a first 
operation state for connecting a first one of said 
array controllers to said disk apparatuses, a second 
operation state for connecting a second one of said 
array controllers to said disk apparatuses, and a 
third operation state for not connecting any one of 
said first and second array controllers to said disk 
apparatuses. 

6. A switching mechanism for switching between disk 
apparatuses in a disk array system, said mecha- 
nism comprising: 

a plurality of array controller connectors con- 
nected to a first signal line for a data transfer 
to/from a plurality of array controllers; 
a plurality of disk apparatus connectors con- 
nected to a second signal line for a data trans- 
fer to/from a disk apparatus in which 
writing/reading of said data is controlled by said 
array controllers; 

a plurality of connection lines for connections 
between said plurality of array controller con- 
nectors and said disk apparatus connectors; 
a plurality of switch means provided on said 
connection lines for one-to-one connection 
between said plurality of array controller con- 
nectors and said disk apparatus connectors; 
and 

array controller switching means provided in 
said switch means and upon reception a path 
switching signal from said array controllers, 
establishing a connection between an array 
controller corresponding to said path switching 
signal and said disk apparatus connectors. 

7. A disk array apparatus comprising : 

a plurality of switching mechanisms, each hav- 
ing an array controller connector; 
a plurality of disk apparatuses which are con- 
nected to said switch mechanisms on one-to- 
one principle; and 

a plurality of array controllers connected to said 
array controller connectors and in response to 
an instruction from a host computer, writing or 
reading a data to/from said disk apparatuses, 
wherein said switching mechanisms includes: 

a plurality of array controller connectors 
connected to a first signal line for a data 



6 



6/27/2006, EAST Version: 2.0.3.0 



11 



EP0939 360A2 



12 



transfer to/from a plurality of array control- 
lers; 

a plurality of disk apparatus connectors 
connected to a second signal line for a 
data transfer to/from a disk apparatus in 
which writing/reading of said data is con- 
trolled by said array controllers; 
a plurality of connection lines for connec- 
tions between said plurality of array con- 
troller connectors and said disk apparatus 
connectors; 

a plurality of switch circuits provided on 
said connection lines for one-to-one con- 
nection between said plurality of array con- 
troller connectors and said disk apparatus 
connectors; and 

an array controller switching circuit pro- 
vided in said switch circuits and upon 
reception a path switching signal from said 
array controllers, establishing a connection 
between an array controller corresponding 
to said path switching signal and said disk 
apparatus connectors, 
wherein said array controllers, upon recep- 
tion of a control authority of one of said 
disk apparatuses, outputs a path switching 
signal to a switching mechanism corre- 
sponding to said disk apparatus. 

8. A disk array apparatus as claimed in Claim 7, 
wherein said array controller which has acquired 
the control authority outputs said path switching 
signal to each of said plurality of switching mecha- 
nisms. 

9. A disk array apparatus as claimed in Claim 7 or 8, 
wherein said array controller which has acquired 
the control authority outputs signals identical to 
said path switching signal at once to said plurality of 
switching mechanisms. 

10. An apparatus as claimed in Claim 7, 8 or 9, wherein 
said plurality of disk apparatuses have an interface 
allowing only a single initiator. 

11. An apparatus as claimed in Claim 7, 8, 9 or 10, 
wherein said plurality of disk apparatuses are mag- 
netic disk apparatuses of the ATA specification. 

12. A disk array apparatus comprising: 

a plurality of array controllers for controlling a 
data writing/reading to/from disk apparatuses 
according to an instruction from a host compu- 
ter; 

a plurality of disk apparatuses for writing/read- 
ing said data according to control by said array 
controllers; and 



a switching mechanism connected to each of 
said plurality of disk apparatuses for exclusively 
switching between said plurality of array con- 
trollers and said disk apparatuses, 

5 wherein said array controllers, upon reception 

of a control authority of a disk apparatuses 
according to an instruction from a host compu- 
ter, controls a switch mechanism correspond- 
ing to said disk apparatus for connection 

10 between said array controller and said disk 

apparatus. 

1 3. A disk array apparatus as claimed in Claim 1 2, said 
apparatus further comprising a communication line 
15 for connection between said array controllers, so 
that said array controllers perform a processing for 
acquiring said disk control authority through said 
communication line. 

20 14. An apparatus as claimed in Claim 12 or 13, wherein 
said array controllers cause said disk array appara- 
tuses to: 

acquire said disk control authority; 
25 control said switching mechanism for switching 

the connection between said array controllers 
and said disk apparatuses; 
output a command to said switched disk appa- 
ratus; and 

30 decide that said switching mechanism or disk 

apparatus has failed if no response is obtained 
for said command. 

15. A disk array apparatus as claimed in Claim 14, 
35 wherein said failure decision is performed using 

means for repeatedly transmitting said command 
and means for deciding that said switching mecha- 
nism or disk apparatus has failed if no response is 
obtained for said command transmitted repeatedly. 

40 

16. An apparatus as claimed in Claim 14 or 15, wherein 
said failure decision is performed by using means 
for counting a time after transmission of said com- 
mand and means for deciding that said switching 

45 mechanism or disk apparatus has failed if no 
response is received in a predetermined time after 
the transmission of said command. 

17. A computer system comprising: 

50 

a host computer; 

a plurality of disk apparatuses for writing and 
reading a data; 

a plurality of array controllers for controlling a 
55 data writing/reading to/from said disk appara- 

tuses according to an instruction from said host 
computer; 

a switching mechanism connected to each of 
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said disk apparatuses and exclusively switch- 
ing one of said plurality of array controllers to 
said disk apparatuses; and 
an array controller switching circuit provided in 
said host computer and serving in such a way 5 
that when one of said array controllers has 
failed, control is passed to another array con- 
troller, 

said array controllers causing said computer 
system to: 10 

acquire a control authority of said disk 
apparatuses when switched by said array 
controller switching circuit. 

15 

18. A computer system comprising: 
a host computer; 

a plurality of disk apparatuses for writing and 
reading a data; 20 
a plurality of array controllers for controlling a 
data writing/reading to/from said disk appara- 
tuses according to an instruction from said host 
computer; 

a switching mechanism connected to each of 25 
said disk apparatuses and exclusively switch- 
ing one of said plurality of array controllers to 
said disk apparatuses; and 
an array controller switching circuit provided in 
said host computer and serving in such a way 30 
that when one of said array controllers has 
failed, control is passed to another array con- 
troller, 

each of said array controllers including: means 
for acquiring a control authority of said disk 35 
apparatuses when switched by said array con- 
troller switching circuit; and means for control- 
ling said switching mechanism so as to said 
array controller to said disk apparatuses. 
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